Using data from approximately 8,300, primarily small, exporting rms in Sweden observed over the business cycle period 1997-2007, we examine the relationship between innovation and nancial factors in a regression that include changes in cash holdings, cash ow and debt issues. Our nonlinear econometric approach with interaction variables between recession period, technology intensity and nance suggests that innovative rms in high-tech sectors tend to oset the eect of a negative nancial shock by exploiting internal cash resources. No corresponding link between innovation and nancial factors is found for medium and low technology exporters.
Introduction
Beginning with seminal papers by Hall (1992) , and Himmelberg and Petersen (1994) a growing body of empirical literature examine the link between innovation and nancial constraints at the rm level. It is now widely believed that a transitory nance shock may hit a rm's innovative activities dierently depending on factors like size, age, and industry. In particular, small, young and high-tech rms have been found to be more sensitive to economic volatility (Hall, 2002) .
Over the last decade, a number of micro econometric studies (Bellone et al., 2010; Minetti and Zhu, 2011; Egger and Kesinay, 2013; Gorg and Spaliara, 2013) have considered exports and nancial constraints. Summarizing this literature, Wagner (2014) , reports that exporting rms are less nancially constrained than non-exporting rms. Since exporting is associated with higher xed costs than serving the domestic market only, a self-selected group of superior rms with higher productivity, larger size and more innovations are more likely to be exporters than other rms (Bernard and Jensen, 1999) .
Exporters may have greater possibilities to oset the consequences ofnancial shocks on innovation through various management strategies, including product and market diversication and greater amounts of customer-nanced R&D (Shaver, 2011) . However, exporters are heterogeneous. Our data covering all manufacturing rms in Sweden with 10 or more employees and at least one export product over the period 1997-2007, shows that the typical exporter is not a large innovative rm operating across many destinations with a broad portfolio of products. The median exporter is a small rm with 26 employees, 6 export products, and participates in 6 foreign markets.
In this paper, we try to incorporate innovation into the literature on exports and credit constraints. While considerable progress has been made recently in 2 our understanding of innovation and nancial constraints, as well as in our understanding of the relationship between exports and nancial constraints, the evidence base for nancial constraints among innovative exporters remains limited. This is to some extent surprising given (i) the broad awareness of the relationship between increasing globalization of markets and the importance of exports competitiveness, and (ii) the considerable empirical literature suggesting a positive link between innovation and exporting (Love and Roper, 2015) .
Considering SMEs, a recent European survey of 9,480 rms in 33 countries, show that internationally active rms grow more than twice as fast as those active only in domestic market. Moreover, they are three times more likely to introduce products or services that are new to their sector than those which are entirely domestic in orientation (European Commission, 2010) .
As with other studies of nance and innovation, we typically cannot observe whether innovative exporting rms operate under nancial constraints or not.
Based on dierent methodological approaches, some studies suggest nancial problem for particular categories of R&D engaged exporters. Ughetto (2008) nds that small rms face problem in accessing external nance for innovation and exports. Riding et al. (2012) suggest that the mix of uncertainty and commercial and technical risk in the early stages of exploration of foreign market potential may be associated with nancing problems.
The period we study is a business cycle including the economic boom of the late 1990s, and the downturn related to the burst of the IT-bubble in the early 2000s and the following recovery period. The total number of unique rms in the study is about 8,300, of which only approximately 300 are publicly traded. In order to take into account the heterogeneity among exporters, we distinguish between dierent R&D intensities across four broad manufacturing sectors, as well as between persistent and temporary exporters. The covariates 3 in the empirical analysis include rm size, human capital, physical capital, age and corporate ownership.
Exporting manufacturing rms are responsible for about 95% of private sector R&D spending in Sweden. Unfortunately, the ocial Swedish business register does not collect annual statistics on R&D activity from rms with fewer than 250 employees. We have therefore chosen patent applications as our primary innovation indicator, since this measures is available for all ling rms in Sweden by merging the EPO-data base PATSTAT with the business register.
Prior studies report that patent lings and R&D tend to move in parallel, although patenting is more closely correlated with the business cycle than R&D investments (OECD, 2009 ). The reason is that patent lings are a more controllable and exible expense than R&D, with its high adjustment costs. Although patent applications, as well as granted patents have a number of well-known shortcomings as innovation indicators, they have attracted much attention from researchers mainly due to the fact that patent so far is the only source of standardized information on new technologies collected systematically over a long period of time.
Our second innovation proxy is new export products. Export statistics come from Swedish Customs, and the data is based on the European Combined Nomenclature (CN) system, established to meet the requirements both of the Common Customs Tari and of the external trade statistics of the European Union. The standard permits to distinguish new export products from existing export products. However, a new export product may not necessarily be new for either the company or the domestic market. Regardless of how genuinely new the product is, market introduction involves a number of extra costs which can be quite substantial. Hall and Sena (2014) report that marketing expenditures are equivalent to 12% to 14% of innovation expenditures among small and large rms observed in the U.K Community Innovation Survey. Most likely, the cost is highest for the launch of new products in international markets. Wagner (2014) lists dierent expenditures that could be linked to product introduction in foreign markets, including acquisition of information about the target market, adoption of products to foreign legal rules or local tastes, instruction manuals in foreign languages, and setting up distribution networks.
To test the impact of internal and external equity nance on investment, a number of recent studies apply alternative versions of the Bond and Meghir (1994) structural approach that captures the inuence of current expectations of future protability on current investment decisions. Financial constraints are commonly captured by cash ow sensitivity in an investment function with physical capital as the dependent variable. Most recently, similar approaches have been employed to examine the importance of nancial factors on R&D investments, with the hypotheses that constrained rms should have a positive cash ow sensitivity and negative relationship between R&D and growth in cash holdings, while unconstrained R&D investments should not be systematically related to internal nancial factors. This latter approach is the one we apply here, but with alternative proxies for innovation activities. The econometric method is a negative binomial estimator with interaction variables between recession period, technology intensity, and nancial factors, while controlling for other co-determinants and unobserved heterogeneity. We confront the interaction variables with our two innovation indicators and test the relationship between innovation and nancial factors. Our empirical analysis is applied across four broad manufacturing sector categories; high, high-medium, low-medium, and low technology, which follows the OECDs classication of manufacturing industries based on R&D intensities.
Results of our non-linear econometric approach with patent lings as the 5 dependent variable suggest that rms in high-tech sectors are more likely than other exporters to be nancially distressed, and tend to use both cash ow and cash holdings to reduce the eect of a nance shock. No statistical signicant link is found between new export products and a rm's management of liquidity.
In the remainder of this paper we briey review the relevant literature (section 2), explain our data (section 3), introduce the methodological approach (section 4), provide results and analysis (section 5), and summarize (section 6).
Innovation and nancial shocks
Due to capital-market imperfections most rms face nancing problems in economic downturns. The problems are assumed to be more severe for R&Dinvestments due to limited collateral value and information asymmetry (Hall and Lerner, 2010) . There is a general agreement within the literature that a negative nance shock should restrict innovative activities more in rms that are credit constrained, and it is commonly explained as follows: When a rm is hit by a negative shock, its current earnings are reduced, and therefore its ability to nance innovation investments is also reduced.
For rms forced to lay o researcher and development personnel in response to a transitory nance shock, the eect can be a costly erosion and obsolescence of acquired skills, routines and technology. Because of expensive adjustment costs, rms are assumed to be willing to free nancial resources in order to oset transitory nance shocks and maintain a consistent innovation prole (Hall, 1992 (Hall, , 2002 Fazzari et al., 2000; Brown et al., 2012) .
In this paper, we focus on the link between nancial factors and innovation among exporting rms. Most of the existing literature on nancial constraints and exports examines various ex-ante and ex-post issues. Two common themes are the eect of liquidity constraints on entry into export markets (Chaney, 6 2013; Bellone et al., 2010) , and the impact of participation in export markets on a rm's nancial health (Campa and Shaver, 2002) . Some recent studies suggest that exporting rms may be less vulnerable to nancial distress since they are able to reduce exposure to demand-side shocks through diversication (Greenaway et al., 2007; Bellone et al., 2010) .
A still limited number of studies incorporate innovation in their analyses of nancial frictions among rms with foreign customers. Testing the hypothesis that R&D and exporting activities share some features that make them likely to suer from shortage of nance, Manez et al. (2014) nd that nancial constraints are relevant for both the decision to export and to engage in R&D.
The literature of innovation has long been studied characteristics that differentiate supply and demand driven R&D. This aspect has also attracted attention from researchers investigating the conditions for nancing intangible investments with limited collateral value, uncertain outcome and information problems. Recent literature argues that supply-driven generation of new knowledge tend to be relatively long-term, costly, and associated with high adjustment costs. In contrast, demand-driven R&D is mainly characterized as short-term, less expensive, and with low adjustment costs (Cantwell and Mudambi, 2005; Aghion et al., 2012) .
There is anecdotical evidence that demand-driven and collaborative research and development projects are more likely to receive external co-funding from customers. Consider for instance Saab, which is one of Sweden's most R&D intensive companies. They operate in the global market for defense and security solutions and develop systems with broad-based military and civil applications.
In their ocial strategy for R&D nancing, the company states that: Our dependency on customer-nanced R&D is a challenge. Around two-thirds of customer nancing currently comes from Sweden. Our growth opportunities are primarily in other countries, including selected markets where we are working to increase customer nancing. (SAAB Annual Report, 2010).
The opportunity for product and market diversication, as well as the possibility of co-nancing with international customers, could imply that innovative exporters are less vulnerable to nancial shocks. In addition, there is an extensive literature showing that exporters are the result of a self-selection process, where the most productive and innovative rms are more likely to also operate in the international markets (Roper and Love, 2002; Basile, 2001; Pla-Barber and Alegre, 2007; Serti and Tomasi, 2008; Alvarez and López, 2005) .
A number of arguments support the view that exporting companies would be less cyclically sensitive in their innovation activities than other companies.
However, exporters are a heterogeneous group of rms (Secchi et al., 2014) .
Many exporting rms are small, have a limited product portfolio, and operate in only a few markets. Moreover a substantial fraction of rms don't have long-term customer contracts with the potential for co-funding of innovation projects.
Prior research on nancial constraints and innovation have applied cash ow sensitivity in an investment function with R&D as the dependent variable. Several recent studies have demonstrated that the R&D cash ow sensitivity is an imperfect and weak indicator for detecting nancing constraints and R&D smoothing. Alternative proxies should be used, as additional regressors, such as the change in cash reserves (Brown and Petersen, 2011) , the use of external equity nance (Brown, Martinsson, and Petersen, 2012) , the cash inows from xed asset sales (Borisova and Brown, 2013) , and other proxies.
Our main conclusions from this brief literature review, is that we should apply more nancial variables than cash ow for testing the existence of nancial constraint among Swedish export companies and their attempts to reduce 8 the negative eect by economic recession period by using internal nancial reserves. There are arguments supporting the hypothesis that exporters are relatively robust against cyclical volatility across the business cycle (diversication of products and markets, nancing with customers of long-term demand-driven projects). But there are also counter-arguments. Many exporting companies are small, they have few export products and export to only a few countries. In addition, supply-driven high-tech production might be more sensitive to macroeconomic uctuations.
3 Data description
Data sample
The data set in this study is assembled from several dierent sources. First, register information from the audited annual accounts of all rms in Sweden be- To have the highest possible quality of the patent statistics, we have imposed a lower censoring limit of 10 employees for the observed rms. The Swedish ex-9 port statistics lacks systematic coverage of the smallest rms. The size limit is also relevant for the quality of our patent data. In total there was 198,354 patent applications from rms in Sweden over the period 1997-2007. In the matching process conducted by Statistics Sweden, more than 75% of these applications were linked with a unique rm in the Swedish business register. According to SCB, the remaining applications concern almost only rms with limited eco- there is a lack of a corresponding scientic underpinnings for export products.
This may be due to the availability of systematic data on new export products being a relatively new phenomenon. But there are also some methodological problems with this indicator, however, which to some extent are common with the widely used indicator "new products" in the Community Innovation Survey.
Cash f low is dened as operating prot, minus taxes, plus depreciation and amortization, plus investments in plants and equipment. It should be noted that cash ow can be dened and measured in various ways. The denition used in our paper capture a rm's operating margins, while a more narrow measure is bank deposit, which is something that can be easily sold to meet credit obligation is change in cash and short-term investments.
Cash Hold is change in cash and short-term investments. SalesGrowth is the rms' growth in net sales. Firms' DebtGrowth is change in long term debt and all of these measures are divided by the total assets in beginning of the period. We measure size as log values of total number of employees. We also have an ownership indicator, which distinguishes between non-aliate rms, members of domestic groups, domestic multinational groups, and members of foreign multinational groups. Following OECD-suggested classications, we separate manufacturing rms into four broad sectors based on R&D and human capital intensity: high, medium-high, medium-low, and low technology.
While similar patterns can be found amongst persistent exporters and the entire data set of rms, we can see persistent exporters are on average more innovative, have more employees, have higher physical capital intensity, and a somewhat higher proportion of skilled employees. Appendix A provides a denition of the variables in our analysis. To test the impact of internal and external equity nance on investment, a number of studies apply a version of the Bond and Meghir (1994) structural ap-proach that captures the inuence of current expectations of future protability on current investment decisions. A major advantage of this dynamic optimization approach is that it is able to accommodate endogeneity through current and lagged nancial variables, as well as a quadratic adjustment investment cost component. Since our dependent variable is not a continuous investment measure, but a count-data proxy for innovation, we are not able to use this attractive methodology.
Count data, such as patent applications, are often over-dispersed. Applying an over-dispersion test, suggested by Cameron and Trivedi (2005) , we nd that the null hypotheses on equality between mean and variance is violated for each of the two samples in our study. As a result, we consider the negative binomial regression method which accounts for over-dispersion. In order to improve the eciency of the negative binomial estimator, we use the cluster-robust option for estimating the standard errors.
We specify the model as:
y j,t = α1yj,t−1 + α2lnSizej,t + α3P hysicalCapitalj,t + α4HumanCapitalj,t +α5 Salesj,t + α6CashF lowj,t * HighT echj,t * Bustt +α7CashF lowj,t−1 * HighT echj,t * Bustt
(1)
+α8 CashHoldj,t * HighT echj,t * Bustt +α9 CashHoldj,t−1 * HighT echj,t * Bustt + α10 Debtt
where y is either the number of patent applications or new export products for rm j in year t, lnSize is the logarithm of rm number of employees as a control for rm size, P hysicalCapital is the logarithm of physical capital,
HumanCapital is human capital measured as the fraction of the employees with 13 at least three year of university education, Sales is sales growth which control for demand for innovation, Cash F low is rm cash ow used as a proxy of access to internal nance rather than a sign of high rm demand (Brown and Petersen (2009)),
CashHold is growth of cash holdings, Debt is growth of long-term debt, Age is rm age, Sector is industry sector (high, high-medium, low medium and low technology), Own is corporate ownership structure (independent, uni national, domestic multinational, and foreign multinational), d t is a time specic eect included to control for aggregate changes that could aect the demand for innovation, µ j is rm specic xed eect, and ν j,t is the idiosyncratic error term.
Equation (1) includes interaction between the Cash F low and CashHold with
High Tech manufacturing rms and recession period (Bust ). Cash-ow, cash holding, sales, long-term debts are all normalized by total assets in period t − 1.
We expect to nd a positive relation between cash ow and innovation for rms facing nancing constraints, while growth of cash holdings is assumed to be negative for nancially constrained rms. Prior studies suggest that equity nance should be the principal source of fund for innovation investments, while debt nancing is associated with several problems (? Hall, 2002) . We therefore do not assume any strong link between change in long-term debt and innovation.
It should be noted that since the lagged dependent variables appear as explanatory variables, strict exogeneity of the regressors no longer holds (Nickell, 1981) . There are several possible solutions to potential endogeneity problems in our estimations, and in a sensitivity analysis we provide dierent test of the robustness of the negative binomial results. Regarding the results presented in the next section, we assume that a potential endogeneity problem should not be biased towards one of the two groups that we compare.
14 In the empirical analysis, we consider potential liquidity constraints among exporting rms and we test whether the link between innovation and nancial factors diers across rms depending on their technology intensity. The estimations apply two dierent proxies for innovation; the rst is patent applications, and we assume that they are related to the early phase in rms' innovation process while new export products are considered to be a proxy for innovation activities in nal stage of the process. The results for patents are presented in Table 2 and the corresponding results for export products are presented in Table 3 is positive for both samples, but small in magnitude and non signicant. The corresponding results for change in cash holding has the predicted negative sign only for persistent exporters, but we cannot reject the null hypothesis.
The summarizing nding from our study is that nancially constrained innovative high-technology Swedish rms operating in international markets tend to use cash management as a cyclical controller to reduce the eect of the business cycle uctuations. However, applying introduction of new products as a proxy for innovation, the results from the patent equation cannot be statistically conrmed, which might question whether a new export product should be considered as an innovation indicator. An alternative interpretation might be that the presence of nancial constraints are more relevant for the early phase of the innovation process, compared to the late phase.
It is notable that our results reported in Table 2 are in line with Brown and Petersen (2011) , despite several signicant dierences: (i) 95% of the Swedish companies in our study are private, while they consider only publicly traded rms, (ii ) our data represents all exporting rms in Sweden with 10 or more employees and the median rms has less than 30 employees. The Compustat data used by Brown and Petersen is biased towards large rms, (iii) our preferred innovation indicator is the patent application while they use R&D, and (iv)
Brown and Petersen estimate a modied dynamic Euler equation with a two step GMM-approach, and we use a negative binomial panel data estimator.
To examine the sensitivity of our results to alternative estimation methods, we conduct several robustness tests using approaches supposed to account for potential endogeneity bias. The results show that the main ndings are robust across the various approaches. There is a broad agreement in the literature that rms operating in international markets are self-selected into exports due to factors like size, productivity and innovation. Large exporting rms are also more able to oset consequences of nancial shocks through management strategies, such as; product and destination diversication and co-nancing innovation project with customers. However, our data covering mainly non-publicly traded rms shows that the typical exporter is not a large innovative rm operating across many destinations with a broad portfolio of products. Exporters are heterogeneous in most conceivable dimensions.
The economic importance of exports, the extensive heterogeneity among exporters, and the limited number of studies on the relationship between innova-19 tion and nance among this category of rms justies our study. The existence of liquidity constraints in rms has considerable policy implications with regard to taxation, nancial markets, employment, growth, and welfare. It is therefore important to determine whether a nancial shock eects innovation investments in general or only a particular category of the exporters. To formally examine the nance-innovation link, we make use of a modied application of a method suggested by Brown and Petersen (2011) . In the empirical approach, we observe potential nancial constraints by cash-holding and cash-ow. Despite the dierence in data and approach between our paper and the Brown and Petersen study, the main results are similar: innovative rms facing nancing frictions appear to be able to partially oset a nancial shock through cash reserves.
20 Table B .1: Cross-correlation table
Variables
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) Cash CashFlowt×HT×Bust 0.015 -0.002 0.024 0.013 0.010 0.026 -0.018 1.000
Cash CashFlowt×HT×Boom 0.020 0.050 0.053 0.024 0.017 0.094 -0.014 -0.008 1.000 Cash CashFlowt×NHT×Bust -0.010 -0.044 0.088 -0.005 0.076 -0.079 -0.062 -0.019 -0.039 1.000 CashFlowt×NHT×Boom -0.020 0.007 0.185 0.013 0.141 -0.122 0.028 -0.039 -0.079 -0.199 1.000
CashHoldt×HT×Bust -0.000 -0.000 0.076 -0.006 0.001 -0.020 0.008 0.067 0.001 0.003 0.007 1.000 CashHoldt×HT×Boom -0.001 -0.004 0.099 -0.003 -0.002 -0.003 0.003 -0.000 0.138 -0.000 -0.001 0.000 1.000 CashHoldt×NHT×Bust 0.001 0.005 0.209 0.004 0.001 -0.001 0.013 0.002 0.005 0.083 0.024 -0.000 0.000 1.000
CashHoldt×NHT×Boom -0.000 -0.002 0.287 -0.008 -0.008 -0.005 0.008 0.000 0.001 0.002 0.109 -0.000 0.000 -0.000 1.000 Debtt -0.002 -0.013 0.145 0.000 0.060 -0.009 -0.074 0.011 0.024 0.093 0.186 0.011 0.009 0.033 0.028 1.000
